Abstract: Sustainable management of tropical forests is essential for conserving the ecosystem services they provide and protecting the livelihoods of the millions of people who depend on these forests. Community-based forest management in Quintana Roo, Mexico, has shown that conserving forests while generating economic benefits is achievable in the tropics. However, this management is carried out with technical gaps that jeopardize sustainable use of these resources. Crucial among these gaps is a lack of equations for precise calculations of logged timber volumes. Current equations employ a proportion of bark volume (PBV) of 0.14 for mahogany and a flat 0.10 for species with dense woods, despite their wide variation in bark thickness. Here, using Meyer's method, we calculated species-specific PBVs for the most commercially-important species in the Felipe Carrillo Puerto community-based logging operation. For most species, the new PBVs were smaller, indicating that wood volumes are currently underestimated. However, for two species, PBVs were higher. New values could influence the profits of the local enterprise and on the management of some of the most commercially-important species of Mexico's tropical forests through changes in the numbers of individuals felled.
Introduction
Sustainable management of tropical forests is essential for the conservation of the ecosystem services these forests provide [1, 2] . Tropical forests are crucial in maintaining global biogeochemical cycles, conserving biodiversity [3, 4] , and mitigating climate change [5] [6] [7] . Moreover, tropical forests worldwide provide a livelihood for millions of people, many of them belonging to marginalized indigenous populations [8] .
With its diverse indigenous populations and its 31 million hectares of wet and dry tropical forests, Mexico ranks sixth among countries with the largest tropical forest areas [9, 10] . Approximately 60% of Mexico's forested area (including both temperate and tropical forests) is managed by local communities [11] . This depth of experience has made Mexico a leading example of community-based forest management [12] . Among Mexican wet tropical forests, those in the state of Quintana Roo in the Yucatan Peninsula stand out because of their great extent (4.4 Mha; [13, 14] ) and their high degree of conservation, which has been attributed to their three decades under community-based management [15] [16] [17] . As a result, communal management of the forests of Quintana Roo has become a paradigm of management that fosters both conservation and economic benefits [12, [18] [19] [20] . However, this management is carried out with crucial technical gaps that jeopardize the sustainable management of the tropical rainforests in this area.
One of the main knowledge gaps regarding management practices is the lack of equations for precise calculations of logged timber volumes for the tropical species of Quintana Roo. Most of the forest management guidelines used in Quintana Roo are derived from the Pilot Forestry Plan [21, 22] . Dating from the early 1980s, this plan was created after the replacement of timber concessions in Quintana Roo with a policy giving communities direct control of forest management and harvesting rights [16] . As part of this plan, permanent forest areas for timber harvesting were established within ejidos Mexican government-sponsored rural collectives), with technical training and financial support being provided to create community-based forest enterprises [23] . Equations used by these enterprises to calculate logged timber volumes originate from this plan and are imprecise in most cases. The current equations likely over-or under-estimate wood volumes. To the extent that such underestimations lead to profit loss, and to overharvest of high-value species, updated equations are urgently needed for commercial tree species.
Following the expression of interest by members of the Ejido Felipe Carrillo Puerto (FCP) in Quintana Roo (Figure 1 ), we updated volume equations for the most important species commercialized by the ejido enterprise. Logging of its semi-evergreen tropical forest is one of the main economic activities in the community. For the past three decades, the ejido and others in Quintana Roo have used general (i.e., not species-specific) equations in their logging activities. The wood volume (WV) for a log is calculated using Equation (1) , where D mp is the diameter at the midpoint of a log, L is the length of the log and PBV is the proportion of log volume accounted for by bark.
Three PBV values are used, 0.14 for mahogany (Swietenia macrophylla King), 0.21 for the amapola tree (Pseudobombax ellipticum (Kunth) Dugand), and 0.10 for a group of species with dense woods. However, given that a fixed value of 0.10 is used for the proportion of bark volume in species with remarkably different bark thicknesses (Figure 2 ), differences in calculated and actual wood and bark volumes could potentially be large, particularly for the species with dense wood and thin bark. Although the semi-evergreen tropical forest in the area is highly diverse [24] and around 50 species have been identified in the FCP ejido with potential for sawn lumber [25] , six species make up the core of the logging activity in the forest enterprise. These six species, which have markedly varied bark proportions and characteristics, represented 82%-97% of total sales from 2010-2016 (data from the ejido's administration). Furthermore, these six species are widely distributed in Quintana Roo and are commercialized by other community-based enterprises in the state. Here, we updated the PBV values for these six species. From all species at the site, the big-leaf mahogany (Swietenia macrophylla King) has been the most valued species by far for its fine timber [26] . As a result, forest management plans in Quintana Roo have been traditionally designed around this species [27] . Highly valued for its gummy latex, the sapodilla or chicozapote tree (Manilkara zapota (L.) P. Royen) sustained the chewing gum industry that peaked in the 1940s [20] . After the decline of this activity in Although the semi-evergreen tropical forest in the area is highly diverse [24] and around 50 species have been identified in the FCP ejido with potential for sawn lumber [25] , six species make up the core of the logging activity in the forest enterprise. These six species, which have markedly varied bark proportions and characteristics, represented 82%-97% of total sales from 2010-2016 (data from the ejido's administration). Furthermore, these six species are widely distributed in Quintana Roo and are commercialized by other community-based enterprises in the state. Here, we updated the PBV values for these six species. From all species at the site, the big-leaf mahogany (Swietenia macrophylla King) has been the most valued species by far for its fine timber [26] . As a result, forest management plans in Quintana Roo have been traditionally designed around this species [27] . Highly valued for its gummy latex, the sapodilla or chicozapote tree (Manilkara zapota (L.) P. Royen) sustained the chewing gum industry that peaked in the 1940s [20] . After the decline of this activity in Although the semi-evergreen tropical forest in the area is highly diverse [24] and around 50 species have been identified in the FCP ejido with potential for sawn lumber [25] , six species make up the core of the logging activity in the forest enterprise. These six species, which have markedly varied bark proportions and characteristics, represented 82-97% of total sales from 2010-2016 (data from the ejido's administration). Furthermore, these six species are widely distributed in Quintana Roo and are commercialized by other community-based enterprises in the state. Here, we updated the PBV values for these six species. From all species at the site, the big-leaf mahogany (Swietenia macrophylla King) has been the most valued species by far for its fine timber [26] . As a result, forest management plans in Quintana Roo have been traditionally designed around this species [27] . Highly valued for its gummy latex, the sapodilla or chicozapote tree (Manilkara zapota (L.) P. Royen) sustained the chewing gum industry that peaked in the 1940s [20] . After the decline of this activity in the ejido, the chicozapote became an important source of construction lumber, given that it is one of the dominant species in the forest. Two other species, the tzalam (Lysiloma latisiliquum (L.) Benth.) and the poisonwood or chechén (Metopium brownei (Jacq.) Urb.), are also abundant and have experienced an increase in use in recent years [28] , especially for flooring and furniture. The attractive wood of the katalosh (Swartzia cubensis (Britton and Wilson)) and the siricote (Cordia dodecandra A.DC.) have made these species important resources for export. Although not currently protected under Mexican law, the siricote has become rarer in the forest and has been considered vulnerable to extinction [29] .
In this study, we calculated the PBV of these six species following Wehenkel et al. [30] and determined bark volume through the non-destructive Meyer method [31] . We also examined the correlation between PBV and log diameter, between bark volume and total volume, and between wood volume and total volume to examine how bark amount varied with tree size and whether this change had to be taken into account in the calculations of commercialized timber volumes. The updated equations presented here could have a significant effect not only on the profits of the ejido enterprise, but also on the number of individuals felled, and thus on the management of some of the most commercially-harvested species in the tropical forests of Mexico [32, 33] . The new equations generated here aim to improve the forest management of ejidos in Quintana Roo, Mexico and therefore contribute to the long-term use of forest resources and conservation of ecosystem services provided by the forest.
Materials and Methods

Study Area
The study site is on communal land in Felipe Carrillo Puerto in the state of Quintana Roo, Yucatan Peninsula, Mexico ( Figure 1 ). The 24,780 ha used for harvesting in the ejido have primary and secondary semi-evergreen tropical forest. Patches within this area are logged in cycles of 25 years. The area harvested in 2016 is shown in Figure 1 . With around 1500 species, semi-evergreen tropical forests in Quintana Roo are highly diverse [34] . At the site, the tree canopy reaches more than 15 meters and is dominated by Manilkara zapota, Bursera simaruba, Metopium brownei, Pseudobombax ellipticum, Lysiloma latisiliquum, Caesalpinia gaumeri, Piscidia piscipula, Swartzia cubensis, and Caesalpinia platyloba, among others [25] .
The climate at the site is lowland tropical monsoonal, with an annual precipitation of 1158 mm concentrated from May to October. The dry season occurs in winter-spring, when 25-50% of the species in the forest drop their leaves [35] . Mean annual temperature is 23.7 • C, and monthly low temperature never falls below 22 • C. The soils in the area are derived from limestone and the topography is rolling with a maximum elevation of 30 m asl [25] . The forests in FCP, and in Quintana Roo in general, have been historically disturbed by hurricanes and fire [36, 37] and also by humans, which have inhabited the area since well before the onset of the Mayan civilization that transformed the peninsula into a network of urban, agricultural, and forest areas starting about 3000 years ago [38, 39] .
Measurements and Calculations
The six species in this analysis include the most commercially important species in the ejido forest enterprise (Table 1) . Measurements were taken from 20 harvested individuals per species that had been cut for timber sale in February 2016 by the ejido. Only 16 individuals were available for measurement for C. dodecandra. Although this species is uncommon in the forest, it is highly valuable to the local enterprise given its very high current timber price, motivating its inclusion in our study. The rainforest management program specifies a minimum size of 55 cm of diameter at breast height (DBH) for big-leaf mahogany, and 35 cm for the other studied species. As a result, felled trees had a relatively narrow range in diameter (Table 2) . Using a measuring tape, we made marks at 0.3 m, 0.6 m, 1.3 m, and each meter along the bole from the point at which the bole had been separated from the stump (distance = 0 m) to the point at which the bole had been separated from the crown. We defined points that were closer to one another near the base of the log to better capture the neiloid taper that usually occurs near the base of a bole. We used a measuring tape to measure over-bark diameter at the base (d i ) and at at the apex (d i+l ) of each frustum defined by the marks. At the same point at which over-bark diameter was measured, we collected three 10 × 3 cm bark blocks reaching to the cambium. We measured bark thickness using a digital caliper and calculated a mean thickness value from the three samples. Then we calculated the under-bark diameter as the difference between the over-bark diameter and two times the mean bark thickness. The over-bark diameter measured at 1.3 m from the base of the log (hereafter D b ) was only slightly smaller than the DBH of the studied trees and was used as a variable to reflect log size.
We used over-and under-bark diameters to calculate over-bark and under-bark volume (V) of each frustum using Equation (2), where l is the length of the frustum, i.e., the distance between d i and d i+l .
We summed the over-bark volume of all frustums to calculate the total over-bark volume of the whole bole (total volume, TV). Likewise, we summed the under-bark volume of all frustums to calculate the total under-bark volume of the whole bole (wood volume, WV). The difference between TV and WV was the bark volume (BV). Finally, we calculated the proportion of total volume occupied by bark (PBV) in each bole as the ratio (1 − WV)/TV. 
Statistical Analyses
We used the data for D b , TV, WV, BV, and PBV per bole to fit various models following Wehenkel et al. [30] . First, we examined variations in PBV with log size as reflected by D b using the allometric Equation (3), where β 1 is the allometric coefficient and β 2 is the allometric exponent between PBV and D b . We fit a simple linear regression per species log 10 transforming data and checking normality and homoscedasticity assumptions [30] . Goodness of fit was assessed using the coefficient of determination (R 2 ) and the root mean square error (RMSE).
We examined the relationship between WV and TV by fitting a nonlinear regression per species based on Equation (4), where β 3 is the model coefficient estimated by the fitting process. We also used nonlinear regression to examine the relationship between BV and TV based on Equation (5), and to estimate F, the so-called bark factor [43] . The bark factor is assumed to be constant along the bole and can be interpreted as the ratio of under-bark diameter to over-bark diameter [44] . More importantly, F is the basis for the calculation of the species PBV. We checked assumptions of nonlinear models and assessed their goodness of fit through the correlation of the observed and predicted values (R pred-obs ) and the RMSE. WV = TV·β 3 2 (4)
In addition to the PBV values calculated per bole, we estimated a PBV per species based on all individuals measured. This PBV value describes what proportion of a bole is represented by bark in a species and is the updated value to be used in Equation (1) . To calculate the species PBV, we used F and the lower and upper bounds of its 95% confidence interval. We used these values and Equation (6) to calculate mean, upper, and lower bounds for the PBV of each species. All analyses were performed in R v.3.2.1 [45] using the R packages nlstools [46] and investr [47] .
To estimate the potential effect of the updated PBVs on the management of the local forest, we calculated the number of trees needed to fulfill the timber demand of the ejido enterprise from 2010 to 2016 (excluding 2011, when no wood was sold) using the current PBV values from the Pilot Forest Plan and the PBV values that we generated here. To this end, we calculated the mean total volume per log for each species using the individuals measured here. We then computed the wood volume per log based on the current PBV and the new PBV values. Subsequently, we divided the volumes sold by the mean wood volume per log calculated with both the current and new PBV values. Finally, we compared the number of trees that would have been felled using the current and new PBV values. 
Results
Species varied in the sizes of logged individuals, as reflected by D b . However, the minimum D b values per species were similar, reflecting the minimum DBH of 35 cm harvesting requirement for most species (Table 2) . Bole length also varied widely within species, reflecting that crowns started at different levels of the bole or that logs had defects and, in some cases, rotten inner wood that caused the final log to be shortened. Bark thickness varied widely across species as well, ranging from a mean of 8.0 mm in Cordia dodecandra to 18.7 mm in Manilkara zapota and 19.0 mm in Swietenia macrophylla, both species characterized by very thick outer bark (Table 2 ). This variation in bark thickness resulted in large differences in the proportion of bark volume per bole.
The proportion of bark volume per bole significantly varied with log size (D b ) only in Lysiloma latisiliquum, Metopium brownei, and Swartzia cubensis (Equation (3)). In the case of M. brownei, D b explained 44% of the variation in PBV, whereas for the other two species, these percentages were between 28% and 33% ( Figure 3) . PBV tended to decrease with increasing D b in all cases. The proportion of bark volume per bole significantly varied with log size (Db) only in Lysiloma latisiliquum, Metopium brownei, and Swartzia cubensis (Equation (3)). In the case of M. brownei, Db explained 44% of the variation in PBV, whereas for the other two species, these percentages were between 28% and 33% ( Figure 3) . PBV tended to decrease with increasing Db in all cases. The models predicting wood volume (WV) based on total volume (TV, Equation (4)) fit the data very well. In addition to very low RMSE values, the R 2 between observed and predicted values was above 0.99 in all cases (Table 3) . Additionally, the models predicting bark volume (BV) based on TV (Equation (5)) fit very well. These models had very small RMSE values as in the models for WV, and the R 2 ranged from 0.64 to 0.91 (Table 4) . Very good fits were observed in C. dodecandra, L. latisiliquum, M. zapota, and S. macrophylla (Figure 4 ), less so in M. brownei ( Figure 4D ). These fits were the basis for the estimation of F and PBV (Equation (6)). PBV estimates per species are shown in Table 4 , along with their 95% confidence intervals. These estimates ranged from 0.0786 in S. cubensis to 0.1826 in M. zapota, differing conspicuously from the estimated PBV currently used in the community enterprise. The models predicting wood volume (WV) based on total volume (TV, Equation (4)) fit the data very well. In addition to very low RMSE values, the R 2 between observed and predicted values was above 0.99 in all cases (Table 3) . Additionally, the models predicting bark volume (BV) based on TV (Equation (5)) fit very well. These models had very small RMSE values as in the models for WV, and the R 2 ranged from 0.64 to 0.91 (Table 4) . Very good fits were observed in C. dodecandra, L. latisiliquum, M. zapota, and S. macrophylla (Figure 4 ), less so in M. brownei ( Figure 4D ). These fits were the basis for the estimation of F and PBV (Equation (6)). PBV estimates per species are shown in Table 4 , along with their 95% confidence intervals. These estimates ranged from 0.0786 in S. cubensis to 0.1826 in M. zapota, differing conspicuously from the estimated PBV currently used in the community enterprise. Table 4 . Nonlinear models predicting bark volume based on the total volume and bark factor (Equation (5)) and proportion of bark volume (Equation (6)). Table 3 . Nonlinear models predicting wood volume based on the total volume (Equation (4) residual mean square error; *** p < 0.005. Table 4 . Nonlinear models predicting bark volume based on the total volume and bark factor (Equation (5)) and proportion of bark volume (Equation (6)). Estimated PBV values differed from the current values for most species. In four of the six species, estimated PBV values were smaller, although they were larger in L. latisiliquum and considerably larger in M. zapota, a species with very thick bark (Tables 2 and 5 ). These differences in PBV using the updated PBV calculated here translated into a change in the number of individuals that could have been left standing or that would have been cut to fulfill the 2010-2016 timber sales (Table 5 ). Estimated PBV values differed from the current values for most species. In four of the six species, estimated PBV values were smaller, although they were larger in L. latisiliquum and considerably larger in M. zapota, a species with very thick bark (Tables 2 and 5 ). These differences in PBV using the updated PBV calculated here translated into a change in the number of individuals that could have been left standing or that would have been cut to fulfill the 2010-2016 timber sales (Table 5) . Table 5 . Proportion of bark volume calculated here (updated PBV) and currently used by the Ejido Felipe Carrillo Puerto (current PBV), and the difference in the number of trees that would need to be felled using the current PBV vs. the updated PBV considering the wood volumes (WV) sold from 2010 to 2016 by the ejido. Mean total volume per log was calculated based on the data measured in this study.
Species
Updated PBV 
Current
Discussion
The models used to estimate PBV values fit the data well and were based on a range of tree sizes covering the DBH of projected harvest sizes. Although increasing sample size would likely produce an even better fit, we were able to generate good models for the calculation of PBV measuring 20 individuals per species. Only in the case of M. brownei was the correlation between the predicted and observed values <0.80 (R = 0.638). Measuring additional individuals for this species would be desirable to strengthen the estimation of its PBV. In addition to fitting the data well, models were based on trees that will overlap in DBHs with those of future harvests. The forest stands of the ejido are cut in 25-year cycles. The area cut in 2016 is on its second cutting cycle since the establishment of the Pilot Forestry Plan [25] . This means that the areas to harvest in the following years will be in their second cutting cycle as well and will include trees overlapping in size with the individuals measured here. As a result, our updated PBVs will apply to the estimations of wood volumes for harvest seasons well into the future.
Updated PBVs varied considerably across the studied species, but were within the range of other temperate and tropical species. Bark proportions varied from 0.0786 in S. cubensis to 0.1826 in M. zapota. These values are similar to PBVs of other tropical species, such as Bombacaceae (0.094-0.23) [48] , Fabaceae (0.038-0.161) [49] , and Magnoliaceae (0.162) [50] . Additionally, diverse temperate angiosperm species have similar values, such as representatives of Aceraceae (0.131) [51] , Betulaceae (0.124) [52] , and Salicaceae (0.161) [52] . Although rainforest species tend to have relatively thin bark for their stem size [53, 54] , M. zapota and S. macrophylla had thick bark that represented 14-18% of the bole volume. Although within the range reported for other tree species, updated PBVs showed significant differences with the values currently used by the ejido enterprise.
As predicted, updated PBV values for species with dense woods differed from the flat 0.10 used. Updated PBVs were smaller than 0.10 in S. cubensis (0.0786), M. brownei (0.0815), and C. dodecandra (0.0870). The updated PBV of S. macrophylla (0.1370) was also slightly below the current value of 0.14. A more dramatic change was expected for mahogany, given that sizes of individuals have been significantly reduced over time [26] , and larger PBVs would be expected for logs derived from smaller individuals [30] . However, the calculated PBV was very close to the value that has been used for more than 30 years. In contrast, the remaining two species had higher PBVs than the value currently used (0.10). In one of these species, L. latisiliquum, the value was slightly larger (0.1134), but in the case of M. zapota, the difference was very large (0.1826). This considerable difference is explained by the very thick bark of this species relative to the diameter of its trunk [55] (Figure 2 ). Using the updated PBVs could affect the economy of the local enterprise and the management of the ejido forest land.
In species in which the updated PBV is lower than the current one, the wood volume calculated per log will increase, and, as a result, in future harvest seasons, fewer individuals will need to be felled. For example, if updated values had been used, one less individual of C. dodecandra (1.5% less), two fewer of S. cubensis (2.3%) and 31 fewer of M. brownei (2.0%) would have been cut in the entire 2010-2016 harvest period (Table 5) to meet volume targets. Felling fewer individuals would have a positive effect on the maintenance of populations in all cases, but would be particularly important for C. dodecandra. This species has been judged as vulnerable because of its low frequency in the forest and poor past management [29, 56] . At the same time, timber from this species is one of the most valuable in the forest [55] , with a price per cubic meter six times that of mahogany (pers. obs.). In addition to its ecological rarity, C. dodecandra grows at slow rates (0.08 cm/year) [55] . This situation also applies to S. cubensis, a species that is more common than C. dodecandra [57] , but also has a slow growth rate (0.09-0.19 cm/year) [55, 58] . This finding is important because precise calculation of wood volume in species with high commercial importance, but low population numbers or slow growth rates, is crucial to improve their management [56] .
Two species had higher updated vs. current PBVs, including the species with the highest wood volume sales in recent years. In the case of L. latisiliquum, the updated PBV was slightly higher than the one currently used (0.1134 vs. 0.1000). This is a seemingly small difference that, nevertheless, would have translated into the need to cut 16 additional individuals (1.5% more) if the updated PBVs had been used to meet the wood volume target of the last six years (2010-2016). These numbers were higher still in the case of M. zapota, for which 216 more individuals would have been needed (10.1%, Table 5 ). Fortunately, despite this large number of additional trees that would have been felled using the updated PBVs, this species is dominant in the ejido forest and still abundant [57] . It is important to note that even with these adjusted numbers for the most heavily harvested species, the volumes logged by the local enterprise are still below the volumes authorized in the management plan [25] . The same is true for L. latisiliquum, which is also the species with the fastest growth rate in the group (0.46 cm/year) [55] . Thus, our data exemplify the way that precise PBV equations can inform improved forest management.
The size of the individual and the degree of bark damage are factors that need to be considered for the implementation of updated PBVs. For L. latisiliquum, M. brownei, and S. cubensis, we observed a decrease in PBV with increasing log size (D b ) (Figure 3) , i.e., larger logs had a lower proportion of bark. As was suggested by Wehenkel et al. [30] in a similar situation, when calculating the wood volume in these species, we would recommend setting the lower bound of the 95% confidence interval of the PBV for the largest individuals, the mean PBV for medium-sized individuals, and the upper bound for the smallest trees (Table 4) . Another recommendation is to examine the degree of bark damage at the point on the log at which diameter is measured when calculating wood volume. During the dragging of logs to the landing, logs tend to lose significant portions of bark. Given that we derived PBVs measuring logs with intact bark, applying these values to logs with significantly abraded bark or no bark would result in an underestimation of wood volume. A possibility in these cases would be to use the bark factor (F) to calculate the over-bark diameter, given that F is the ratio of the diameters under and over bark and is assumed to be constant [44] . These recommendations will allow more precise estimation of timber volume.
Estimating timber volume by the local forestry enterprise could be carried out through more complex estimations than the ones currently used (Equation (1)). Although estimations could be made through tables, these tables are not yet available for these commercial species. Moreover, the use of more complex methods would need to be discussed with the ejido and the forestry advisor, given that their use would imply further training. By the same token, PBVs could be calculated through other methods [59, 60] . However, it has been shown that the non-destructive Meyer method used here is as effective as more complicated and destructive approaches [59, 61] . The updated PBV values promise higher precision without significant changes to the way that wood volumes are currently calculated by ejido members.
Although based on forests in the ejido FCP, the PBVs presented here could be used by other forest enterprises in the area. The species commercialized by FCP are usually the same species harvested in other enterprises in central Quintana Roo [28, 55] , a state with more than 500,000 ha of managed forests [62] and including the most commonly-commercialized species in Mexican tropical forests [33] . Examining the applicability of equations across sites would be ideal, because, although the vegetation is similar in composition and structure to that in FCP [63, 64] , differences in soil fertility could affect the maximum tree height [65] and, thus, PBVs. Likewise, the method implemented here could be used to calculate PBVs of the 25 species listed by the ejido with potential for sawn lumber [25] . It could also be implemented in other tropical areas where wood volume calculation is carried out based on bark proportions.
Conclusions
Community-based forest management in Quintana Roo has shown that conserving biodiversity while generating economic benefits for forest owners is achievable [12, 20] . Current national and international conservation initiatives aimed at fostering sustainable use of local forests (e.g., for climate change mitigation) build on the experience of community-based management [18, 66, 67] . However, even when communities are committed to responsible management of their resources, as is the case of FCP [68, 69] , the sustainable use of their forests can be hindered by a shortage of tools for a proper management, as was shown here with the lack of precise proportions of bark volume for the species commercialized by the ejido. Several other gaps jeopardize the successful management of rainforests in Central Quintana Roo, including the limited information on growth rates of the main timber species [58] . Filling these gaps with close collaboration between scientists and the traditional owners and managers of these forests will underpin the on-going efforts of these communities to preserve and utilize the forest resources long into the future.
